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O0JacTh NpUMeHeHHus

®onn omneHounbix cpeActB (POC) — sBusercs 00s3aTeTbHBIM TMPUIIOKEHHEM K padodeid
nporpamMe aucuuiuiiHbel - «Teopernueckas ¢u3znka» u  00eCHEUMBACT TPOBEPKY OCBOCHUS
IUTAHUPYEMBIX PE3yJIbTaTOB 00yueHUs (KOMIETeHLIUN U UX UHIUKATOPOB) MOCPEICTBOM MEPONPUITUN
TEKYIIEH U IPOMEKYTOUYHOHN aTTECTALIUU 110 JUCLUIIIIMHE.

Ienn u 3a5a4n pOHAA OLIEHOYHBIX CPEICTB

Henpto dDoHAa OIEHOYHBIX CPEACTB SBISETCS YCTAHOBJIIEHWE COOTBETCTBHUS YPOBHS
MOJATOTOBKUA 00ydaromuxcsi TpeGoBaHUsIM (defepatbHOr0 TrOCyAapCTBEHHOTO 00pa30BaTeIbHOIO
CTaHjapTa.

JUis  pocTuKeHHsl TMOCTaBlieHHOW 1enu @OOHIOM OLIGHOYHBIX CPEJICTB MO JAUCLHUILIIMHE
«Teopernyeckas pu3mKa» pematoTcs CIeAyIOIINe 3a1auu:

— KOHTPOJIb M YIpaBJICHHE IMPOLIECCOM MPHOOpeTeHus OO0y4arolMMHCS 3HAHWM, YMEHUN U
HAaBBIKOB, MPEAYCMOTPEHHBIX B paMKaxX JaHHOUN AUCIUILIUHBI,

— KOHTPOJIb U OLIEHKA CTETNIeHH OCBOEHUSI KOMIIETEHUUH, MPEAyCMOTPEHHBIX B paMKaxX JaHHOU
JUCLUTIITNHBI,

— obecrie4yeHre COOTBETCTBHS Pe3yabTaTOB OOyueHUs 3afadam Oyayiied npodeccruoHalbHON
JIESITEIBHOCTH 4epe3 COBEPIICHCTBOBAHUE TPAJAMLMOHHBIX U BHEAPEHUE HMHHOBAIIMOHHBIX METO/OB
oOyudeHus B 00pa3oBaTeNbHBII MpoliecC B paMKaxX JaHHOW JUCIUILTAHBIL.



1. Ilepedyenbs MUIaHUpPYeMBIX Ppe3yJbTaTOB O0y4eHHS] IO JAUCHHUILVINHE, COOTHECEHHBIX C
IJIAHUPYEMBbIMH Pe3y/IbTATaMH 0CBOCHHs 00pa30BaTeJbHOI MPOrpaMMbl

1.1. B pesyromame oceoenusn OII baxanaspuama ooyuarouuiica 00J15ceH 061a0emsv cieoyrouumu
pe3yromamamu 00yuenus no OUCYUnIUHe:

Koo Haumenosanue komnemenuuu Ko0 u naumenosanue unoukamopa
KomnemeHyuil 0ocmudIceHUuss KOMRnemeHyuu
ITK-3 CnocobeH IpoBOIUTH 3-11K-3 3HaTh: OCHOBHBIC (PU3HUECKHIE

du3HYECKUE IKCTIEPUMEHTBI [0 | 3aKOHBI M METOIBI 00PaOOTKHU TaHHBIX
3aJIaHHON MeToaMKe, cocTaByATh | Y-IIK-3 YMerh: pabotarh mo 3amaHHON

OMUCAHUs TPOBOIUMBIX METOJIMKE, COCTABIATEL OIMUCAHHUS
HCCIIEA0BaHUN, OTUETOB, MIPOBOJIMMBIX HCCIICIOBAHUN U OTYECTHI,
aHaJIU3y pe3yJIbTaTOB U MOATOTaBIMBATh MAaTEPUAIIbI JJIsl HAYYHBIX
MOATOTOBKE HAYYHBIX nyOTuKaImit

nyOauKaui B-TIK-3 Bnanets: HaBbIKaMU POBEACHUS

(GU3NYECKUX SKCIIEPUMEHTOB 110 3aJJaHHOM
METOJUKE, OCHOBAMHU KOMIIbIOTEPHBIX U
MH(POPMALIMOHHBIX TEXHOJIOTUH, HAyYHOH
TEPMUHOJIOTHEN.

1.2. Smanut hopmuposanua komnemenyuit ¢ npoyecce oceoenusn OII 6akanaspuama

KoMIoHeHThl KOMIIETEHLIMM, Kak MpaBWio, (QOPMUPYIOTCA TMPUH HU3YYCHHUH HECKOJIbKHUX
JUCLUHUILIMH, a TaKK€ B HEMaJIOM CTENEHW B Ipolecce npoxoxaeHus npaktuk, HUP u Bo Bpems
CaMOCTOSTENIbHOU paboThl oOydvaromierocs. Bemmonnenne u 3ammura BKP aBisitorcss Bugom ydueOHOM
NEeSITeIbBHOCTH, KOTOPBIH 3aBepiiaeT mnpoiecc GOpMUPOBAHUSI KOMITETEHIUH.

Oranbl GOPMUPOBAHUS KOMIIETEHIIUU B MPOIECCE OCBOCHUS TUCIIUILIUHBIL:
- HAYaJbHBIN STanm — Ha 3TOM JTane (OPMUPYIOTCS 3HAHUEBBIE M HHCTPYMEHTAIbHBIE OCHOBBI
KOMIICTCHIIMH, OCBaWBalOTCSI OCHOBHBIC KaTeropuu, (opmupyroTcs O0a3oBbie ymeHHs. CTyneHT
BOCTIPOM3BOAHUT TEPMUHBI, (DaKThI, METOIbI, MOHATHS, MPUHIIUIIBI U MPABUJIA; pelaeT ydeOHble 3a1auu
1o ob6pasiy;
- OCHOBHOM »Tam — 3HAHWS, YMEHHUSA, HaBBIKM, obOecreyuBaronie (HOPMHUPOBAHHE KOMIIETEHIIUH,
3HAYUTEIBHO BO3pACTalOT, HO €II€ HE JOCTUTraloT MTOTOBBIX 3HaueHWil. Ha 3ToM stame cryaeHT
OCBaMBaeT aHAJIUTHUYECKHUE MACHCTBUS C MPEIMETHBIMU 3HAHUAMHU [0 JUCHUIUIMHE, CIOoco0eH
CaMOCTOSITENIbHO pemiaTh y4eOHbIe 3a7aud, BHOCS KOPPEKTHUBBI B aITOPUTM ACHCTBUMN, OCYIIECTBIISS
KOPPEKIIHIO B X0J1¢ pa0OThI, IEPEHOCUT 3HAHUS U YMEHUS Ha HOBBIEC YCIIOBUS;
- 3aBepLIAKIIMI 3Tall — HA 3TOM 3Tale CTYAEHT JIOCTUTaeT UTOTOBBIX MOKA3aTeNe MO 3asBJICHHON
KOMIIETEHIINH, TO €CTh OCBaWBaeT BEChb HEOOXOAUMBII 00BhEM 3HAHUH, OBNIAIEBACT BCEMH YMEHUSMU U
HaBBIKAaMH B cdepe 3asBiIeHHON KomreTeHIuHu. OH CIocoOeH HMCIOb30BaTh 3TH 3HAHMS, YMEHWUS,
HAaBBIKH IIPY PELIEHUH 33124 TIOBBIIEHHOMN CJI0KHOCTH U B HECTAaHIAAPTHBIX YCIOBUSX.

Otanbl  (pOpMUPOBAHUST KOMIIETCHIIMM B XOJI€ OCBOCHHUS JUCHHUIUIMHBI OTPAXarTCsS B
TemaTHueckoM rurane (cm. PTIT).

1.3. Ca3b Mexkay (popMupyeMbIMH KOMIIETEHIUSAMH M (OpMaMU KOHTPOJISI HX OCBOEHUS

Ne /| KonTposmpyemble pazaesibl HNuaukaTop nocTHKeHUs! HanMeHoBaHue
(TeMbI) TUCIUNJIMHBI KOMIIeTeHIIN U OIIEHOYHOT0 CpelCcTBa
TeKylei u
NMPOMEKYTOYHOM
arTecTauMu
Texymas arrectamnus, 6 cemecTp
1. 1.1. ®opmanusm kBaHTOBOI
MEXaHUKU
5 3-T11K-3; V-IIK-3; B-TIK-3 KP1
- 1.2. KpanToBble cucteMsl B

OJHOM U3MCPCHUUN




1.3. JIswxenue B 1ieHTpaIbHOM
nose

1.4. Teopust Bo3MyILEHMIT B
KBaHTOBOW MEXaHUKE

1.5. Cniun

1.6. ToxnecTBeHHBIE
YaCTHUIIbI B KBAHTOBOM
MEXaHUKE

3-11K-3; Y-IIK-3; B-IIK-3

KP2

IIpomMeskyToUuHAas aTTecTAINs, 6 ceMecTp

‘ DK3aMeH

|

3-11K-3; V-IIK-3; B-IIK-3

|3K3aMeHauH0HHHI71 omier

Texymas arrectanusi, 7 cemecTp

2.1. Hauana TepMoHAMUKH

2.5. Crarucrrueckas Teopus
UJICAUTHHBIX CHCTEM

2.2. Metonsl 3-T11K-3; V-IIK-3; B-IIK-3 KP3
TEPMOIUHAMUKH

2.3. Cratuctuueckue

pacnpeesieHus

2.4. KBaHTOBas CTAaTHCTHKA 3-I1K-3; V-IIK-3; B-I1K-3 KP4

IIpoMe:xyTOUHAs aTTECTalUsl, 7 ceMecTp

‘ DK3amMeH

3-TIK-3; V-TIK-3; B-TTIK-3

|9K3aMeHauH0HHLH71 omieT




2. Onucanmne nmoka3aresieil ¥ KpUTepUueB OLEHUBAHUS KOMIIETEHIIUI HA PAa3JIMYHBIX 3Tanax ux popMUpoBaHMs, ONIMCAHNE IIKAJ OIleHUBAHUS
KoneunsiMu pe3yjibTaTaMu OCBOCHUA IMPOrpaMMbl AUCHHUIUIMHBL ABJISAIOTCA CCI)OpMI/IpOBaHHBIe KOTHUTHUBHBIC ACCKPUIITOPLI «3HATbH», «YMCETb»,

«BIAJIETh», PACIIMCAHHBIE TIO OTACIbHBIM KOMIETCHLIUAM, KOTOpbIe MpuBeaeHbl B 1.1.1. @opmMupoBanue 3TUX IECKPUITOPOB MPOUCXOAUT B IpoOIecce

M3yUYEHUS TUCIMILIMHEI 10 STalaM B paMKax pa3MyHOro BUa y4eOHBIX 3aHATHIA U CAMOCTOSITEIbHOIN paboTHI.
Boigensitores Tpu ypoBHS ¢(hOPMHUPOBAHHOCTH KOMIIETEHIIMH Ha Ka)KJIOM 3Tare: HOPOroBbIN, MPOABUHYTHIA U BHICOKUH.

YpoBHu CopaepxaresibHOe OcHoOBHbBIE IPU3HAKHU BblJeJICHUS] YPOBHA BPC, ECTS/MaTudanabHas
onucaHue YPOBHA % LIKAJ1a I OLEeHKH
OCBOEHHs | IK3aMeHa/3auyeTa
Boicokmii TBopueckas AeITENbHOCTh | Bruoyaem nHudxcecmosawuil ypogeHts.
Bce 6uovi komnemenyutl CryneHT 1eMOHCTpUpYeT cBOOOIHOE 00NagaHue
cpopmuposanvl Ha 8bICOKOM KOMIIETEHIUSIMU, CIIOCOOEH IPUMEHUTh UX B A/
YPOBHE 6 COOMEEMCMBUU C HECTAaHAAPTHBIX CUTYAIHUSX: TTOKA3bIBACT 90-100 Ormao/
yenamu u 3a0a4amu YMEHHUE CaMOCTOSITEIbHO IPUHUMATh PELICHUE, 3auTero
OUCYUNTUHDBL pemarp mpobiemMy/3aady TEOPETUIECKOTO M
HPUKIIAJHOTO XapaKkTepa Ha OCHOBE U3YYEHHBIX
METOJIOB, PUEMOB, TEXHOJIOTUI
IIponBuHyTHIN [IpumeneHne 3HaHMW U | Bruouaem Hudcecmosuwjull ypogeHb.
Bce 6uowi komnemenyuti yMeHu# B Oonee mupokux | CTYZEHT MOXET J0Ka3aTh BIIaJCHHUE B/
cpopmuposanvl na KOHTEKCTaX  Y4eOHOH ¥ | KOMIETEHIUSIMH: JEMOHCTPUPYET CIIOCOOHOCTD 85-89 OueHb X0poIo/
NPOOBUHYMOM YPOBHE 8 npodeccuoHanbHOM coOMpaTh, CUCTEMaTH3UPOBATh, aHATTM3UPOBATH 3a4TeHo
coomeemcmeuu ¢ yeasimMu u | JIeSTeIbHOCTH, HEXEJIW IO | U IPaMOTHO MCHOJIb30BaTh MH(OPMAIUIO U3
3a0a4amu OUCYUNTIUHbBL oOpasiry, OoibIIeil 0Jel | caMOCTOSTENHHO HAMICHHBIX TEOPETHUECKUX
CaMOCTOSITENIbHOCTH U | HCTOYHHMKOB U WJUTIOCTPUPOBATH UMHU C/
WHUIHATHBBI TEOPETUYECKHE TTOJIOKESHHS WA 00OCHOBBIBATh 75-84 Xopormo/
NPAaKTUKY IPUMEHEHHS. 3a4TeHo
IToporosnwlii PenponykruBHas CryneHt JEMOHCTPUPYET BJIaJICHUE 65-74 D/Y noBneTBOpUTEIHHO/
Bce 6uowi komnemenyuti JeSITeNIbHOCTD KOMIIETEHIIMSIMA B CTaHIAPTHBIX CHTYalUsX: 3a4teHo
cghopmuposansvl Ha NOPo208oOM u3Jaraer B Ipejenax 3aaad Kypca TeOpeTUYECKH
ypogne U TIPAKTHYECKU KOHTPOIUPYEMBIN MaTepHal. 60-64 E/Mlocpencraenno
/3auTeHo
Hwuxe noporosoro OTcyTcTBHE MPU3HAKOB IIOPOTOBOTO YPOBHS: KOMIETEHIIUH HE CPOPMUPOBAHBI. 0-59 HeynosnerBopurenbHo/
CTyneHT He B COCTOSIHUW TPOJIEMOHCTPUPOBATh 00JIalaHie KOMIIETEHIMSIMA B Heszaureno

CTAHJAPTHBIX CUTYyalludX.




OneHnBaHUE Pe3yNbTaTOB OOYUEHHUsSI CTYAEHTOB MO AWCIHILTUHE OCYIIECTBISICTCS MO PETJIAMEHTY
TEKYILEro KOHTPOJISI ¥ IPOMEXKYTOYHON aTTECTALUH.

Kpurepuu oneHnBaHusi KOMIETEHIUNA HAa KaXK10M 3Tare U3y4yeHus TUCLMIUIMHBI IS KaXXI0ro BUIa
OLIEHOYHOTO cpeacTBa U npuBoAsTcs B 1. 4 ®OC. Mtoroselii ypoBeHb chOpMUPOBAHHOCTH KOMIETEHIIUMU
MPU M3YYEHUU JUCLUUIUIMHBI ompenensiercs mno tadnune. [Ipu 3Tom cienyeT moHMMarh, 4TO TpaHHUIA
MEXIY YPOBHSAMHU JJisi KOHKPETHBIX pe3yJlbTaTOB OCBOCHMSI 00pa3oBaTEeNIbHON MPOrpaMMblI MOXKET
CMENIaThCsl.

YpoBeHb chopMUPOBAHHOCTH Texkyuuii KOHTPOJIb IIpomeskyTouHas1 aTTeCTALMS
KOMIIETeHIH U
BbICOKH BbICOKMH
BBICOKUI NnPOOBUHYMbLU 8bICOKUU
BbICOKULL NPOOBUHYMbLLL
nopo2osylii 6bICOKUU
BbICOKULL NnOPO20BbILL
MIPOJIBUHYTHII NMPOJABUHYTHIN NPOABHHYTHII
NnpOOBUHYMbLUL NnOpO208bIl
Nnopo2oawlil NPOOBUHYMbLI
IIOPOTrOBBIN NOPOrOBbIN IOPOrOBbIN
HHSKE TTOPOTOBOTO TMOPOroOBbIN HHKe TOPOroBOro
HHKe IOPOrOBOr0 -

3. Meroauyeckue MaTepHaJibl, ONpeAe/siONIMe MPoOUeIypPbl OLEHUBAHHUSA 3HAHMHA, YMeHMI,
HABBIKOB M (MJIM) ONBITA 1eATeIbHOCTH, XapPaAKTEePU3YIOIIMX 3TaNbl (JOPMUPOBAHUA KOMIIETEHIUH

— HroroBas arrecranus MO AWCUUIUIMHE SBISETCS HHTErPaJbHBIM II0Ka3aTelleM KadecTBa
TEOPETUYECKUX U MPAKTUYECKUX 3HAHWN M HABBIKOB OO0Yy4aOUIMXCS MO AUCLMILIMHE U CKJIa/bIBACTCS U3
OLIEHOK, ITOJIyYEHHBIX B X0J1€ TEKYIEH 1 MPOMEXYTOUHOHN aTTecTalum.

— Tekymas arrectanusi B CeMeCTpe IPOBOAUTCS C LEJIbI0 O0ECIeYeHUsT CBOEBPEMEHHOMH
0o0paTHOI CBSI3H, 11 KOPPEKIIUU O0YUEHMsI, aKTUBU3AIIUN CAMOCTOATENIbHONU PabOThI 00yJarOIINXCS.

— IIpomexyrouHas arrecranusi MpeAHAa3HauY€Ha JUIi OOBEKTUBHOIO TOATBEPKIACHUS U
OLIEHUBAHMS JOCTUTHYTHIX Pe3yJIbTaTOB 00YUEHUs TOCIIE 3aBEPLICHUS N3YUEHUs TUCIUITIIMHBI.

—  Tekymas arrectanus oCcyIeCcTBIsAETCS Ba pa3a B CEMECTP:

o  koHtpoiabHas Touka Ne 1 (KT Ne 1) — BeicTaBisieTcst B 3JIEKTPOHHYIO BEJJOMOCTb HE MO3/1HEE 8
Hezlenu yueOHoro cemectpa. Bkitodaer B ceOs OLIEHKY MEPONPUATHIA TEKYILIEro KOHTPOJIS ayIMTOPHON U
CaMOoCTOSITENIbHOM paboThl oOyyarolerocs Mo paszienam/remMam y4eOHoM nucuuiuiveel ¢ 1 mo 8 Henento
y4eOHOro cemecTpa.

o  koHTpoabHas Touka Ne 2 (KT Ne 2) — BeicTaBisieTcsl B 3IEKTPOHHYIO BEJOMOCTh HE MO3/HEE
16 Hemenu ydeOHOro cemectpa. Bkiroyaer B ce0st OLIEHKY MEpONPUSATHH TEKYIIEro KOHTPOJIs
ayJIMTOPHOM M CaMOCTOSTEIILHON paboThl 00yYaroIIerocs mo pasjenam/TeMaM y4eOHOU NUCIUIUIUHBI C 9
no 16 Henemo yueOHOro cemecTpa.

— Pesynbrarel Tekymied M MPOMEXKYTOUHOM aTTeCTalMM IOJBOAATCS IO IIKajge OalbHO-
PEUTHHTOBOM CUCTEMBI.

6 cemecTp
JTan peiiTHHIoBOii cucTeMbl / Henens Bana
OueHovHoe cpeacTBO Munmy™ Makcavyn™
Tekymas arrecTanus 1-16 36 -60% ot 60
MaKCUMyMa

KonrpoabHast Touka Ne 1 7-8 18 (60% ot 30) 30
KP1 8 18 30
KontpoabHasi Touka Ne 2 15-16 18 (60% ot 30) 30
KP2 15 18 30




IIpoMe:kyTOUHasI aTTECTALUS - 24 — (60% 40) 40

DK3aMeH -

Bonpoc 1 - 12 20
Bonpoc 2 - 12 20
HUTOI'O no aucuuninHe 60 100
7 cemecTp
JTan peHTHHIOBOI cCHCTEMBI / Henens bann
OuenovHoe cpeacTBo MuEmaym™ Maxcumys™™
Texymas arrecranusi 1-16 36-60% ot 60
MaKCHMyMa

KontpoabHasi Touka Ne 1 7-8 18 (60% ot 30) 30
KP3 8 18 30
KontpoabHasi Touka Ne 2 15-16 18 (60% ot 30) 30
KP4 15 18 30
IIpomexyTOUHas aTTeCTALUS - 24 — (60% 40) 40
DK3aMeH -

Bonpoc 1 - 12 20
Bonpoc 2 - 12 20
HUTOI'O no aucuuminHe 60 100

* - MuHUMaIbHOE KOJIWYECTBO OaioB 32 OLIEHOYHOE CPEICTBO — 3TO KOJIWYECTBO OaisioB, HaOpaHHOE
00y4aroIuMcsl, P KOTOPOM OLIEHOYHOE CPEJCTBO 3aCUUTHIBACTCS, B IPOTHBHOM Cllydae 00yJaroIuiics
JOJI’KEH JIMKBUUPOBATH IMOABHUBUIYIOCSA AKaJICMHUYCCKYIO 3a10JIKEHHOCTb 110 TGKYHIGI\/JI nJin
MPOMEKYTOYHOM aTTecTanud. MHHMMAaIbHOE KOJUYECTBO OAJJIOB 3a TEKYIIYH AaTTECTAalui, B T.U.
OTJIETTHOE OIIEHOYHOE CPEJICTBO B €€ COCTaBe, U IMPOMEKYTOUHYIO aTTecTaruio coctaBisier 60% oT
COOTBETCTBYIOIIMX MaKCUMAaJIbHBIX OAJUIOB.

4. TunoBble KOHTPOJbHBbIE 3aIaHUSI WJIM MHbIE MATepHa/bl, HeOOXOAUMbBIE [IJIsl OLlEeHKH 3HAHWIA,
yMeHH i, HABBIKOB



dopma HK3aMeHAIHOHHOTO OnJIeTa

MUHUCTEPCTBO HAYKHU 1 BBICIIETO OBPA3BOBAHUS POCCUMCKON ®EJEPALIMU
®EJEPAJIBHOE TOCYJJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIbHOE YUPEX/JAEHUE BBICUIETO OBPA3OBAHUSA

«HaumoHanpHBIH HCCNENOBATENbCKUU AACEpPHBIA YyHUBepcuterT « MUDU»

OOHMHCKMI MHCTUTYT aTOMHOV 3JHepreTUKM —
drmman demeparbHOTO rocyAapCcTBEHHOTO aBTOHOMHOTO 00pa30BaTeTbHOTO yUpeXKIeH s BBICIIIEro o0pa3oBaHs
«Ha1oHasIbHBIV McciIeqoBaTe IbCKII AaepHbIV yHUBepcuTeT «MVIDV»

(IATD HUSTY MU®W)

OTJIEJIEHUE SITIEPHOM ®U3UKHU U TEXHOJIOTUIA

Hanpasnenue 14.03.02 «SInepHble pU3NKA U TEXHOJIOTHU»
MOJITOTOBKH

OOpazoBarenbHas «HHHOBaAIMOHHBIE SIIePHbIE TEXHOJIOTHN»
porpaMma

Jucuunimza Teopernveckas pusnka

3K3AMEHAIIMOHHBINA BUIET N

1. Bompoc nis nposepku ypoBHs oOyuenHoctu 3HATD

..............................................................................................

CocraBuTenb B.JI. IlTaG10B
(moanuce)

HauvansHuk otnenenus I.C. CamoxuH
(moanuce)
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Kputepun u mkaJja oueHuBaHUS

Onenka Kpurepun onenkn

OTJIINYHO CTylleHT HOJIKEH:

36-40 - IPOAEMOHCTPHUPOBATH TITYOOKOE U IPOUYHOE YCBOCHHE 3HAHUI
IPOrpaMMHOT0 MaTepHaa;
- CYEPIIBIBAIOIIIE, TOCIIE0BATEIEHO, TPAMOTHO M JIOTHYECKH CTPOHHO
U3JI0KUTH TEOPETUUECKUN MaTepua,
- IPaBUIILHO (POPMYIIMPOBATH ONPEICIICHHS,;
- IPOJIEMOHCTPUPOBATH YMEHUSI CAMOCTOSTENIbHOM paboThI €
JIUTEPaTypou;
- YMETb CJIeNIaTh BBIBOJIBI 110 U3JIaraéMoMy MaTepuaiy.

Xopouio CTyneHT JOJKeH:

30-35 - MPOAEMOHCTPUPOBATH JOCTATOYHO MOJTHOE 3HAHKUE MPOTPAMMHOTO
Mmarepuaa;
- IPOJIEMOHCTPUPOBATH 3HAHUE OCHOBHBIX TEOPETUUECKUX MTOHSITHIA;
JOCTaTOYHO IMOCIIE0BATEIBFHO, TPAMOTHO M JIOTHYECKH CTPOIHO
u3Narath MaTepua;
- IPOAEMOHCTPHUPOBATH YMEHHE OPUEHTHPOBATHCS B JIUTEPATYPE;
- YMETb CIeNaTh JOCTATOUHO 0OOCHOBAaHHBIE BBIBOIBI [0 M3JIaTaEMOMY
MaTepHany.

Y 10BNETBOPUTEIBHO CTyneHT JOMKeH:

24-29 - IPOJIEMOHCTPUPOBATH O0IIIee 3HAHNE U3YIaeMOT0 MaTepUaIIa;
- IOKa3aTh 001Iee BiIaJeHIE MOHATHITHBIM annapaToM JUCIUILINHBL,
- YMETh CTPOUTH OTBET B COOTBETCTBUU CO CTPYKTYPOH U3TIaraeMoro
BOIIPOCA;
- 3HaTh OCHOBHYIO PEKOMEHIYEMYIO IPOTPaMMO yueOHYIO
JUTEPaTypy.

HeynosnerBoputensno | CTyAeHT I€MOHCTPUPYET:

23 1 MeHbIIIe

- HE3HAHUE 3HAYNUTEIIBbHOM YaCcTU IPOrpaMMHOI0 MaTepHaa;

- HE BJIaJICHNE MTOHATUNMHBIM annaparoM JUCHUTLINHBI;

- CYILIIECTBEHHBIE OLIMOKU IPU U3JI0KEHUH YUeOHOTO MaTepuana;
- HEYyMEHHE CTPOUTH OTBET B COOTBETCTBHUH CO CTPYKTYPOM
U3J1araeMoro BOIIpOcCa;

- HEYMEHHE JIe1aTh BbIBOJIBI 110 M3J1araéMOMY MaTepHally.




MUHUCTEPCTBO HAVKHU U BBICHIETO OBPA3OBAHMSA POCCUUCKOU ®EJEPALIUU
®EJIEPAJIBHOE T'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJBHOE YUPEXJAEHUE BbICLHIEIO OBPA30OBAHUA

«HaunumoHanpHBIH HCCAEAOBATEINbCKUN AA€pHBIN YHUBepcuTeT « MUDHU»

OOHMHCKMI MTHCTUTYT aTOMHOV 3JHepPreTUMKM —

drmman demepabHOTO rocyAapCcTBEHHOTO aBTOHOMHOTO 00pa30BaTeIbHOTO YUpeXIeH s BBICIIIero o0pa3oBaHMs
«Ha1moHasIbHBIV McciIeoBaTe IbCKII AaepHbIV yHUBepcuTeT «MVIDV»

(VIATD HUSTY MU®DU)

OTAEJIEHUE SAJEPHOU ®U3UKU U TEXHOJIOTUH

Hanpasnenue 14.03.02 «SInepHble pU3NKA U TEXHOJIOTHU»
MOJITOTOBKH

OOpazoBarenbHas «HHHOBAaLMOHHBIE sIePHbIE TEXHOJIOTHU»
porpaMma

Jucuunnmza Teoperuveckas pusuka

BOITPOCHI K 9K3AMEHY
6 cemecTp

1. HaGmopaemble B KBaHTOBOM MexaHuke. OmnepaTtopbl HaOmrogaeMmbix. M3mepeHue QU3MUECKUX
BEJIMYMH B KBAHTOBON MEXaHUKE.

2. DOpomronus KBaHTOBOM cucrembl. YpaBHeHue Illpenunrepa. IlocTpoenume ramumibTOHHAHA
KBaHTOBOI CHCTEMBI 110 IPUHLIUITY COOTBETCTBUS.

3. VYpaBHeHHs JABIKEHMS B KBAaHTOBOM MexaHuke. CoXxpaHsioliyecs BeIMYMHBI B KBaHTOBOM
MEXaHHKE.

4.  VYpaBHeHus DpeHdecra.

5. H3mepenus B kBaHTOBOI MexaHuKe. COBMECTHbBIE U HECOBMECTHbIE HAOIIOAaeMbIE.

6. OOoOmeHHOEe  cOOTHOUIEHHWE  HeompeneneHHocTe.  COOTHOLIEHME  HEeOIpeesIeHHOCTEH
I'eitzenOepra.

7. BeposTHOCTHas  uWHTepHperanus BOJHOBOW  ¢(yHkiuu. KBaHTOBOMeXaHWYECKHH  IMOTOK.
KBanTtoBOMeXaHHYECKOE ypaBHEHNE HEPEPHIBHOCTH.

8.  Ypasnenue llpeaunrepa. CranmonapHoe u HectaimoHapHoe ypaBHeHnus Hlpenunrepa.

9. KBaHTOBBIEC CHCTEMBI B 0JTHOM U3MepeHun. baprepsl. KoahduimeHTs! oTpakeHus: ¥ MPOX 0K ICHHS.
10. TynHuenbHbIHA 3QexKT.

11. OpHOMepHBIN KBAHTOBBIA TAPMOHUYECKUN OCIIUILISITOP.

12. JIBmkeHue B LEHTpaJbHOM Mosie. MOMEHT UMITyJbca KBAaHTOBOM uyacThilbl. CBOMCTBAa ONEpaTOpPOB
KBaJipaTa MOMEHTA U €r0 KOMIIOHEHT.

13. Cdepuueckre rapMOHUKH U UX CBOMCTBA.

14. JIswxeHue B neHTpaibHOM Tosie. PanmuansHoe ypaBHenue lllpenunrepa. I'paHudnHbie yCIOBHS IS
pELIeHNI palualbHOIO YPAaBHEHUS.

15. CrauuonapHas Teopust Bo3MylieHHH. Bo3MyIieH1ne HeBbIpOXKIEHHOTO YPOBHS.

16. Cnun. Oneparop crnivHa.

17. Cnoxenue cniuHOB. K03 (hUIIMEHTHI BEKTOPHOTO CIIOKEHUSI.

18. ToxnecTBeHHBbIE YacCTHIIBI B KBAaHTOBOM MexaHuke. Iloctymar cummerpuszanuu. DepMUOHBI H
0030HBI.

19. Ompenenurens Ciatepa.

20. TloctymaThl KBAaHTOBOW MEXaHHKH.
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7 cemecTp

1. TepmonuHamuyeckass cuctemMa. MaKpOCKOIMUECKHE W MHUKPOCKOIHUYECKHE  IapaMeTpBhl.
IlepBoHauyasibHbIE MPEACTABIECHUS O CPEJHUX 10 BPEMEHHM M CPeAHMX IO aHcamOiro. TpeboBaHus K
TEPMOJUHAMUYECKUM CHCTEMAM.

2. Tepmomunamuueckoe paBHOBecue. «HyneBoil» 3akoH TepMOAMHAMHKH. TepMoauHamMHUyecKast
TPaH3UTUBHOCTb. DMIIMPUUECKAs TeMIepaTypa. I 'a30Bb1il TEpMOMETP.

3. 3agaHue TepMOJUMHAMUYECKON CHUCTEMBI U €€ COCTOSIHUSL. AMadaTUUECKH U30JMPOBAHHAs CUCTEMA.
Cucrema B Tepmocrate. Cucrema ¢ BooOpaxkaeMbIMU cTeHKamu. Cucrema MO  IOpIIHEM.
HecymecTBEHHOCTh TPaHUYHBIX YCIIOBHN. « BHEIIHHE» U «BHYTPEHHHUE) MIapAMETPHI.

4. Peaxkuus cuctembl Ha BHemHee BozaeiictBue. IIpoueccsl. KBaszuctarnueckue (paBHOBECHBIE)
nporeccel. Pabota. IIpumepsl — pabora uaeansHoro rasza. [IpuHmmn makcumanbHOU paboTsl. TeruioTa.
[IpyHIMII MAKCUMAJILHOTO MOTJIOIEHUS TEIUIOTHI.

5. IlepBoe Hawamo TtepMoanHamuky. OIHO3HAYHOCTH BHYTpeHHeW oHepruu. IIpeoOpazoBanue
MEXaHUYECKOM paboThl B TEIUIOTY M TEIUIOTHI B MEXaHMYECKyr0 paloTy. TemnaoeMKOCTH M CKpPBIThbIE
TerioThl. Kanopuyeckoe ypaBHEHUE COCTOSIHUSL.

6. Iuximyeckue npoueccel. [ukn Kapno. Pabota B muknnueckoM mpouecce. TemoBas MmalluHa.
XonogmibHas MamHa. Koadduiuent mone3Horo aevictus nukia Kapuo. Teopemsr KapHo.

7. Btopoe Hauaino TEpMOJMHAMMKH, €ro pasid4yHble (OPMYIUPOBKM s  PaBHOBECHOM
TEPMOJUHAMHYECKON CUCTEMBbI, UX IKBUBAJICHTHOCTD.

8. Tperbe Hauano TepmoauHaMukH. [ToBeneHNEe KaTOPUUECKUX BEIMYMH BOJIU3U aOCOIIOTHOIO HYJIS.
Henoctmxumocts abCONIOTHOTO HYJIS.

9. BbpluMcineHMe SHTPONMM HAEANBHOTO Ta3a. BblpaxkeHue JUIsi XMMHYECKOro IOTEHIHUAa,
TEIUIOEMKOCTH IPOIECCOB, TEIIOBOTO AP eKTa.

10. Meron TEPMOJUHAMHYECKHUX IIOTEHLIAAJIOB. TepmonnHamuueckue NOTEHLIAAJIBI -
XapakTepucTuueckue pyHkuuu. JHeprus, cBOOOAHAs SHEPrus, SHTAIbIUS, NoTeHuan ['ub60ca, 601b1I0M
TEPMOJMHAMUYECKUN [TOTEHIIMAJ. DHTPONHMS KaK TEPMOJAUHAMUYECKUI TIOTEHIUAIL.

11. IlomyueHue ypaBHEHUH COCTOSHUS M3 TEPMOJMHAMUYECKHX MOTEHLMAJIOB. AJUTMTUBHBIE CBOMCTBA
TEPMOJIMHAMHUYECKUX NOTEHIMaI0B. [Ipo0ieMsl epeBoia OJHUX MEPEMEHHBIX B IpYTHE.

12. ®azoBble mepexoapl mepBoro ponaa. YpasHenme Kianeiipona- Knaysmyca. ®a3oBble mepexojibl
BTOpOro pojaa. da3oBbie MEPEXObI A- TUIIA.

13. Tlpencrasnenue yncen 3anonneHus. Pacnpenenenns boze-DitHmeitna u @epmu-Jlupaka.

14. MuxkpokaHoHHUeckoe pacnpeaenaeHue ' m60ca. Dproauyeckas rurnoTesa.

15. CBs3b CTaTHCTUYECKOTO BECa ¢ TEPMOAMHAMUYECKUMHU XapaKTEPUCTUKAMH PaBHOBECHOM CHCTEMBI.
ACHMIITOTHKA CTaTUCTUYECKOTO BECA.

16. Kanonuueckoe pacnpenenenue [ mo6ca. CBs3b ¢ TEePMOAMHAMUYECKAM OITUCAHUEM CHCTEMBI.

17. Bonbuoe kaHoHHYeCKOe pacnpeaeneHue I'uboca.

18. Craructrueckas cyMMa U CTaTUCTUYECKHIA BEC.

19. Pacnpenenenne MakcBeina u pacupezaeneHue bonbimana.

20. KanoHmveckoe pacrpeeeHue o MUKPOCOCTOSTHHSIM U pacTpeie]IeHHe TI0 YHEPTUSIM.

21. CrarucTuyeckuil MHTErpaj sl UIeaJbHOI0 KJIacCHYEeCKOTo rasa.

22. KanoHudveckas M 0OJbIIas KAHOHUYECKAast CTATCyMMBI B TTPEICTABIICHUH YHCEIT 3aITOJTHEHHS.

23. TlpuHIMI TOXAECTBEHHOCTH YaCTHI U YKcia 3anoiHeHus bo3e-cucreM u @epMu-cucTeM.
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MUHUCTEPCTBO HAVKHU U BBICHIETO OBPA3OBAHMSA POCCUUCKOU ®EJEPALIUU
®EJIEPAJIBHOE IT'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJBHOE YUPEXJAEHUE BbICLHIEIO OBPA30OBAHUSA

«HaumoHanpHBIH UCCNENOBATENbCKUU AACEPHBIU YHUBepcUuTeT « MUDU»

OOHMHCKMI MTHCTUTYT aTOMHOV 3JHepPreTUMKM —
drmman demepabHOTO rocyAapCcTBEHHOTO aBTOHOMHOTO 00pa30BaTeIbHOTO YUpeXIeH s BBICIIIero o0pa3oBaHMs
«Ha1oHaIbHBIV McciIeoBaTe IbCKI sepHbIV yHUBepcuTeT « MUDV»

(IATD HUSTY MU®U)

OTAEJIEHUE SAJEPHOU ®U3UKU U TEXHOJIOTUH

Hamnpagnenue 14.03.02 «SInepHble pU3UKA M TEXHOJIOTHH)
MOATOTOBKH

OopasoBarenbHas «HHOBAIIMOHHBIE sI/IEPHbIE TEXHOJIOT I
nporpamMmma

Jucuunimza Teopernveckasi pusuka

KomiuiekT 3agaHuid 111 KOHTPOJIbHOM PadoThI

Pa3pen «KBanTtoBasi MeXaHHKA»
KonrtpoJsbnas padora Nel (6 cemectp)

Bapwuanr 1.

1.  DnexTpoH HAaXOAWUTCA B OJHOMEPHOM MPSMOYrOJbHOW NOTEHUUAIbHOH siME ¢ OECKOHEYHO
BBICOKMMH CTeHKaMu. HallTu mupuHy siMbI, €CiI pa3HOCTh HEPruil ypoBHEH ¢ N2=3 U N1=2 cocTaBisieT
AE =0,35B. Macca snektpona Me=9, 1* 103ke=0,511* M>B/c?, h=1,054* 10 e c= 0,659* 107
3B ¢, he=197. 3 M>B* ®.

2. B ycnoBusix mpeapiayiieit 3a1aun HailTH A YKa3aHHBIX YPOBHEH CpeqHUE 3HAUYCHUS KOOPAMHATHI
u ummynbca. Cuurtarh, 4TO SIMa PACIOJIOKEHA CHMMETPUYHO OTHOCHTEIIBHO Hadajla KOOpJWHAT, T.€.

V(X)= V(-X).

3. Ilpm Kakux 3HEPrusx MEKTpoHa KOdI(P(UIMEHT HaA0apbepHOr0 OTPAXKEHHUS OT HPSIMOYTOJILHOTO
MOTEHIATILHOTO Oapbepa BeicoTol /() 2B w mmpuHo / Hm pasen 07?

Bapmuanr 2.

1.  DnexTpoH HAXOAUTCS B MPSIMOYTOJILHOM MOTEHIMAIBHOHN siMe ¢ OECKOHEYHO BBICOKMMHU CTEHKAMH.
DHeprust mepBoro Bo30YKIACHHOTO cocTostHus paBHa 0,4

9B. Uemy paBHa 3Heprusi BTOporo Bo30ykIeHHOro coctosHus? Uemy paBHa mupuHa sMmbl? Macca
ANEeKTpoHa Me=9, 1* 103%2=0,511 M>B/c?, h=1054* 10 T c= 0,659% 10 °B*c, hc=197. 3

M>B* @m.
X2

2. Yactuua Haxoaures B coctosHuE Y (x) = Nexp(-—-+1kX) , rae a u k- 3amanHbIe nocTosiHHEIE. YeMy
a

PaBHBI CPEAHNUEC 3HAUCHUA KOOPAUHATBI, UMITYJIbCa U KUHETHYSCKOMN OHCPIUU B 5TOM COCTOSIHUM ?
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3. Kakast mons snekTpoHOB ¢ sHeprueil 1 3B mpoiiner yepe3 mpsMOYTroNbHbBIN MOTEHIHATBHBIA Oapbep
BbIcOTOM 8 3B u mmpunoii 0,5 Hm?

KounrtpoJabHnas padora Ne2 (6 cemecTp)

Bapuanr 1.

1.Haiigute ypoBHM SHEpPruud M BOJIHOBblE (YHKLIMU TPEXMEPHOTO TapMOHHYECKOrO OCHUIUIATOPA,

2
A

AN A A Px  mw’x?

A
raMHJIbTOHMAH KoTtoporo umeer Bua H=H +Hy+H;, tne Hi. = 2— + T , @aHAJIOTUYHO 111 Hy u
m

H;. Kakosa KpaTHOCTB BBIPOKIACHUA BTOPOI'O B036Y)KI[6HHOFO COCTOSTHUSA?
Vkazanwue: BOCHOJ'II)SYIZTGCB MCTOIOM pa3acCICHUA NICPEMCHHBIX.

2. Kak m3menurcs OHCPIrus OCHOBHOI'O COCTOSAHHA aTOMa BOAOPOJa IIPU BKIIHOUCHHH AOIIOJIHHUTCIILHOI'O
2

o e
MaJIOr0 B3aUMOJIEHCTBHS MEXKITY TPOTOHOM U dsiekTpoHoM Buaa W (r) = ——— ? Tlonyunre OTBET ABYMs
r

crocodamu: IIyTEM TOYHOT'O PCUICHU U 110 TCOPUHN BO3My1HCHHI>'I.

3. Uemy paBHO HamboJiee BEPOSATHOE PACCTOSHUE AJIEKTPOHA OT sifpa B cocTosiHuu 2p? 3apsa sapa Z.
Cucrema npearnoaraercsi BOJOPOI00100HOM.

Bapuanr 2.

1.Kak M3MEHHTCS SHEPTUs. OCHOBHOIO COCTOSIHHUS aroMa BOAOPOJA NPH BKJIIOUEHHH JOIOJHUTEILHOTO
y 2
MaJIoro B3aUMOIENCTBHS MEK/TY TIPOTOHOM u dyiekTporoM Buja W (r) =Kr=?

2.Yemy paBHO HanboJiee BEPOSATHOE PACCTOSHUE DJIEKTPOHA OT SI/Ipa B COCTOSTHUA 2S?
3apsin sanapa Z. Cucrtema npeanoiaraeTcsi BOAOPOA0MIOA00HOM.

3. Haiigute ypoBHM SHEprMM M BOJHOBBIE (DYHKIMH ABYXMEPHOTO TapMOHHYECKOTO OCIHIUISITOPA,
2

A
A AL A Px  ma?x?
raMHJIbTOHMAH KoToporo umeer Bua H=H +Hy, rtne H. = —+T , aHajorn4Ho misi Hy.

2m
KaKOBa KpaTHOCTL BLIpO)KZLeHI/IH HepBOFO B036y)K,Z[eHHOFO COCTOHHI/ISI?

AN

YkazaHue: BOCHOJ'IBSYI\/'ITGCL METOHAOM pa3aCICHUS ICPEMECHHBIX.

Pa3nea «CraTtucrnueckas GpU3NKa»
KontpoabsHas padora Ne3 (7 cemectp)

1. Berancnute cBOOOMHYIO SHEepruro F, sHTpommio S W 3HTaNbIHI0 H [UIS OAHOTO JINTpa TEIUS TPU
temneparype 1500K u naBnenun 1 mGap.

OtBet: F=-2,46 JIxx, S=0,0017 JIxx/K, H=0,25 JIk.

2. JIBa OAMHAKOBBIX TEIUIOM30JIMPOBAHHBIX COCY/AA, COCIUHEHHBIE KPaHOM C TPYOKOH, colepikar Mo
OJIHOMY MOJIIO OJJHOTO M TOTO e ra3a. Temmeparypa raza B oqHoM cocyjne T1, B apyrom Tz. MonspHas
teroeMKocTh raza Cy uzBectHa. [locne oTKpbrIBaHUS KpaHa ra3 Mpuileal B HOBOE COCTOSIHUE PABHOBECHS.
Uemy paBHO TpHpallieHne YHTPOuu raza?
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OtBert: S2-S1= CuIn(T14T2)%/4T1T2>0.

3.YeMmy paBeH K.I.JA. LIMKJA, COCTOSILEr0 MX JBYX HM300ap M JBYX ajauadar, eciau B Ipenenax LHKIa
JaBJIeHHE U3MeHsAeTcs B N pa3. Pabodee BelecTBO- UAeanbHBIHM ra3 ¢ mokasareinem aanadarsl Y.

KonTtpoabsnas padora Ned (7 cemectp)

1. Haiiti ¢pyHKUIMIO pacipeneneHns MOJIEKYNl HACAIBHOTO Ta3a M0 KHHETHYECKUM dHEPrusiM U Hauboiee
BEPOATHOE 3HAYECHNE KNHETUYECKON YHEPIUU MOJIECKYJIBI.

Ortger: f(E)=AEY2exp(-E/KT), Esep.=KT/2.

2. 'enuil HaXOQUTCSI B OYEHb BHICOKOM COCYJI€ B OJHOPOJHOM IOJIE CHJIbI TSDKECTH NP TeMmmeparype T.
Temmnepatypy yBenuuniu B N pa3. Ha kakoit BeicoTe N KOHIIEHTpAIHSI MOJICKYJT HE U3MEHHUTCS?

Otser: h=(KT/mg)ninn/(n-1).

3. Hailtu Maccy MoJisl KOJUIOMIHBIX YaCTHUL, €CIH MPH BPALlEHUHU UEHTPUDYTU C YIIIOBOH CKOPOCTHIO W
BOKPYI' BEPTUKAJIBHOM OCH KOHLEHTPALMs 3THUX YacTHUIl Ha PAcCTOSHUU [1 OT OCH BpALEHUs B N pa3
Ooublie, yeM Ha paccTostHUH 2, [IIOTHOCTH 9acTHIl M pacTBOPHUTENS PaBHBI 0 U Po COOTBETCTBEHHO.

Otser: M=2RT plnn/( p — po)(r?-r?) w?.

KpnTeplm H HIKAJAa OHCHUBAHUSA

Ouenka Kpurtepumn oueHku
OTiinyHO - 3a/1aHUs1 KOHTPOJIbHOM paboThl BBINIOJIHEHBI OoJiee yeM Ha 80%;
¢ 26 no 30 6amioB - IPOJIEMOHCTPUPOBAHO YBEPEHHOE 3HAHUE TEOPETUUECKUX
TTOJI0KEHUH,
- IONYCTUMO HaJIMYKE B PEIICHUSIX HECYIIECTBEHHBIX HETOUHOCTEH.
Xoportio - 3a/1aHUs] KOHTPOJIBHOW pabOThI BHIOIHEHBI OoJiee YeM Ha 2/3;
¢ 22 no 25 GanioB - IPOAEMOHCTPUPOBAHBI TPOYHbIE 3HAHUS YUeOHOTr0 MaTepuaia;
- pelIeHUs COJIepXkKaT ONpe/eIeHHbIC (HECYIIECTBEHHBIE) HETOYHOCTH.
VY 10BI€TBOPUTENBHO - 3aJJaHUS] KOHTPOJIbHOM paboThI BBIIOJIHEHBI OoJiee yeM Ha 50%);
c 18 no 21 Gamnos - 3HAaHWE y4eOHOTO MaTepHaIa-nmocpPeCTBEHHOE.
HeynosnersopurensHo | - pemeHo MeHee 50% 3ananui;
¢ 0 1o 18 6amnoB - B PEUICHUH 33/1a4 UMEIOTCS CYIIECTBEHHbIE OITUOKH;
- IPOAEMOHCTPUPOBAHO HE3HAHUE 3HAYUTEIBHOM YacTu y4eOHOro
Marepuaa.

14



